Transcatheter arterial chemoembolization (TACE) with iodized oil and anticancer agents is widely used for hepatocellular carcinoma (HCC) treatment. To assess Carm angiographic computed tomography (CCT) for detecting iodized oil retention during TACE, CCT images were obtained of 40 tumours (24 HCC patients). The primary CCT images showed complete iodized oil retention patterns (type I) in 29/40 (73%) tumours, at which point embolization was terminated; incomplete iodized oil retention requiring further iodized oil embolization occurred in 11/40 (28%) tumours and, of these, complete iodized oil retention patterns were achieved in eight tumours. Conventional CT scanning employed 1 week later showed the same iodized oil retention patterns as demonstrated in the latest CCT images (37/40 [93%] tumours). In 24 additional HCC patients who underwent TACE but not CCT (control group), conventional CT scans obtained 1 week after TACE showed complete iodized oil retention in 32/42 (76%) tumours. The rate of complete iodized oil retention pattern was significantly higher in patients undergoing CCT. It is concluded that the distribution of iodized oil within HCC lesions can be demonstrated on CCT images during TACE, helping to achieve complete iodized oil filling of tumours and, thereby, improving therapeutic effects.
Introduction
Hepatocellular carcinoma (HCC) is a common malignant tumour 1 -5 that is often treated using the non-surgical procedure of transcatheter arterial chemoembolization (TACE). Generally, anticancer drugs mixed with iodized oil are the embolic materials used for TACE procedures in patients with J-H Sun, L-G Wang, H-W Bao et al. C-arm angiographic CT in hepatocellular carcinoma HCC, 6, 7 in whom longer survival times are associated with complete or good iodized oil retention in tumours. 8 -11 Usually during TACE, iodized oil embolization is terminated when a complete state of iodized oil accumulation is observed within the tumour, when the speed of blood flow to the tumour slows, and/or when little portal vein branches can be observed around the tumour on fluoroscopic viewing. 12 -16 Such appearances of complete iodized oil filling are, however, indirect signs that only provide two-dimensional projections for the tumour. Consequently, it is sometimes difficult to identify the distribution of iodized oil retention lesions during TACE.
In recent years, soft-tissue reconstructed imaging has been developed, using a C-arm angiographic system -known as C-arm computed tomography (CCT) or cone-beam volume CT -that provides CT-like images. 17 Research has demonstrated that CCT can improve the detection of tumour staining in patients with HCC and assist interventional radiologists in catheter positioning. 17, 18 Thus, the purpose of the present study was to evaluate the utility of CCT for detecting iodized-oil retention in lesions during TACE performed in patients with HCC.
Patients and methods

CASE SELECTION
Consecutive patients with HCC who were attending The First Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou, China, were enrolled in this study between January 2008 and June 2009. Eligibility criteria for entering this study were as follows: patients had confirmed HCC tumours observed on conventional CT scanning and clinical evidence, with the diagnosis based on high serum α-fetoprotein (AFP) values; there were no manifestations of thrombotic occlusion or extrahepatic metastases in the portal trunk or its main branches; patients had Child's A-grade liver function; and imaging results demonstrated that HCC lesions had an abundant blood supply.
Ethical approval for the study was obtained from Zhejiang University, and patients provided both verbal and written consent prior to participation.
CCT IMAGING TECHNIQUE
This study was performed with a digital subtraction angiography (DSA) system (Allura Xper FD20; Philips Medical Systems, Best, The Netherlands) equipped with a flatpanel detector and a ceiling-mounted motorized C-arm. For each CCT acquisition, the region of interest in the patient's abdomen was positioned near the rotational field isocentre and scanned with one continuous C-arm rotation around the patient's longitudinal axis, which covered a 240° circular trajectory. The scanning time was approximately 10 -20 s, depending on the number of acquired images. The system immediately transferred the image data to a workstation, in parallel to acquiring data for volume reconstruction using available software (XperCT™ Release 1; Philips Medical Systems). The CCT images, consisting of many sections, were reconstructed and displayed approximately 2 min after the volume data were transferred. For both groups, first, angiography was performed after a 5-F RH catheter (Terumo, Tokyo, Japan) was guided from the femoral artery to the coeliac and superior mesenteric arteries. Secondly, depending on the arterial blood supply to the tumour, as identified by arteriography, a 2.7-F-diameter microcatheter (Terumo) was super-selectively placed into the feeding arteries for selective embolization. This was undertaken with an embolization suspension consisting of 50 mg/m 2 doxorubicin hydrochloride, 130 mg/m 2 oxaliplatin, and 5 -40 ml of iodized oil (Lipiodol™; Guerbet, Aulnay-sous-Bois, France). In group A, the point when the administration of iodized oil ceased was dependent on the complete state of accumulation of iodized oil within the tumour, a slowing of blood flow to the tumour, and/or the appearance of little portal vein branches around the tumour on fluoroscopic viewing.
CLASSIFICATION AND TACE PROTOCOL
In group A the pattern of iodized oil retention on CCT images was classified according to Matsuo et al: 19 type I, homogeneous accumulation; type II, partially defective; type III, sporadic accumulation; and type IV, punctate or no accumulation. The TACE therapy was considered complete if the CCT images showed type I iodized oil retention patterns within the tumour, but further slow iodized oil embolization was undertaken if incomplete iodized oil deposition patterns (including types II, III or IV) were verified in the lesions. Any embolization was terminated when iodized oil flows to the outside of the tumour or backflows of iodized oil were observed and CCT scans were then performed again. Patients in group B did not undergo further embolization when signs of complete iodized oil accumulation within the tumour were found on fluoroscopic viewing. In all cases, the maximum iodized oil dose was < 40 ml.
Conventional CT scans were employed 1 week post-TACE for all patients in both groups. Iodized oil retention patterns of lesions seen on primary CCT images in group A were compared with patterns seen on conventional CT images obtained in the same patient. Results in group A patients were also compared with conventional CT images obtained in group B patients.
STATISTICAL ANALYSIS
Statistical analyses were carried out using the SPSS ® statistical package, version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Iodized oil retention patterns of lesions were compared using the χ 2 test. A P-value (twotailed) of < 0.05 was considered to be statistically significant.
Results
The imaging procedures were successfully performed in 48 consecutive patients with HCC (n = 24 in each group; 36 men, 12 women; mean age 52 years [range 27 -75 years]). In group A, iodized oil injections stopped when signs of complete iodized-oil accumulation within the tumours were found on fluoroscopic viewing (Fig. 1A) . The primary CCT images showed complete iodized oil retention patterns (type I) in 29/40 (73%) tumours, at which point embolization was terminated. The CCT imaging identified incomplete iodized-oil retention patterns (type II) in 11/40 (28%) tumours (Fig. 1B) . In these patients, TACE recommenced but the rate of iodized oil embolization was slower, stopping when iodized oil flows to the outside of the tumour or backflows were observed. Subsequent CCT scans in these 11 tumours demonstrated complete iodized oil retention patterns (type
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I; Fig. 1C ) in eight tumours; the three remaining tumours still showed incomplete retention patterns (type II) in which iodized oil deposition areas were clearly enlarged.
Conventional CT scanning employed 1 week later showed the same iodized oil retention patterns in group A as demonstrated in the latest CCT images (namely, 37/40 tumours; 93%). In group B, conventional CT scans showed complete iodized oil retention patterns (type I) in 32/42 (76%) tumours and incomplete iodized oil retention patterns in the remaining 10 tumours (24%; eight type II, two type III). A significantly higher rate of completely iodized oil retention pattern (type I) was observed on conventional CT scanning after TACE in group A compared with the primary CCT images (χ 2 = 6.775, P = 0.009), and also compared with that seen on the conventional CT images for group B (χ 2 = 4.817, P = 0.028). 
Discussion
Transcatheter arterial chemoembolization is an important and widely used treatment for HCC, 20 and iodized oil mixed with anticancer drugs is one of the most effective agents. 21 -24 When iodized oil retention is more complete, tumour necrosis is also more complete and better treatment effects are observed, particularly with the first TACE procedure. 12, 25 -27 Previous reports have indicated that when the appearance of iodized oil retention is almost the same as tumour staining throughout angiography, when the speed of blood flow to the tumour is slow and/or when little portal vein branches are observed around the tumour on fluoroscopic viewing, the lesion has been completely filled with iodized oil. 28 Because fluoroscopic viewing only provides indirect signs of iodized oil retention, the actual iodized oil accumulation pattern inside the lesion can only be identified on conventional CT images obtained after TACE. Obviously, therefore, further iodized oil embolization cannot be employed immediately, even if incomplete iodized oil retention patterns are verified.
The CCT imaging procedure is a technical innovation involving the C-arm flat-panel DSA unit, which could help an operator to observe changes in organ parenchyma and to make critical decisions immediately without requiring a patient to be transported from the angiography suite to the CT scanner during an interventional procedure. CCT has sometimes been applied in interventional neuroendovascular procedures, such as intracranial aneurysm coiling, and offers the major advantage of immediately detecting the embolization state of an aneurysm or intracranial complication without patient transfer. 29 Following a CCT protocol could, therefore, help interventional operators to alter their anticipated catheter positioning, thereby increasing their confidence in both positioning catheters during TACE and detecting tumour lesions in the liver. 17, 18 The present study showed that CCT imaging clearly revealed the iodized oil distribution within HCC lesions during TACE. The rate of complete iodized oil retention pattern in patients who underwent CCT scanning during TACE was significantly higher than that in patients who did not undergo such scanning. This study had several limitations. The relatively small sample sizes of each study group hampered the ability to undertake definitive statistical analyses and the quantitative retention of iodized-oil within tumours was not documented or compared. We believe, however, that this is the first study to involve CCT imaging to determine iodized oil distribution within tumours during TACE of HCC.
In conclusion, the present study demonstrated that the distribution of iodized oil within HCC lesions could be verified on CCT images during TACE, which could help the treating physician to attain complete iodized oil filling of tumours, thereby improving the therapeutic effects.
